The article presents the study results of thirty patients regarding the influence of acupuncture on cerebral hemodynamics with duplex ultrasound Doppler imagines. The reliable influence of acupuncture on the blood flow parameters of vertebrobasilar and carotid vessels has been revealed. For the purpose of in-depth study of vascular response to acupuncture in the patients with various diseases, the volunteers were divided into two groups: 1-patients, who had a stroke in anamnesis and were in the residual period (12 patients); 2-patients who suffered from vertebrogenic disturbance of blood flow in vertebrobasilar region (18 patients). The reliable data have been obtained on the positive response to acupuncture influence of cerebral blood flow and its differences in patients with different cerebrovascular pathology.
Introduction 
Pathogenetic substantiation and evidence of effective alternative non-pharmacological treatment approaches, in particular acupuncture, deserve the great attention. A number of clinical studies prove significant positive effects of acupuncture in the treatment of many diseases, namely: neck and lower back pain, joint pathology, headache, various neuropathies, rehabilitation of stroke effects, emotional and sleep disorders, etc. [1, 2] . Detailed mechanisms of acupuncture effects are not fully understood yet. Taking into account the clinical and acupuncture effects in "real time" with the help of non-invasive diagnostic equipment has long attracted the attention of researchers [11] . K. Kathleen, V. Napadow and other researchers have found a reaction of the cerebral cortex with fMRI (functional magnetic resonance imaging) to stimulate the points LI4, ST36, LV3 as the most common in the treatment of pain syndromes. The changes in the cerebral cortex after acupuncture treatment of carpal tunnel syndromes have also been found [12] . S. Takayama and others [13] [14] [15] [16] [17] have proved the reliable effect of acupuncture at points ST36 and LV3 on blood flow rates in peripheral, retrobulbar and mesenteric vessels. Acupuncture stimulation of points GB21, ST36, PC6 showed positive microcirculation changes [18, 19] . In Ukraine the studies have also been conducted in order to determine the reliable impact of acupuncture at GV20, TE21, GB20 points on arterial brachiocephalic blood flow [20] . A lot of work is devoted to the standards of studying the arterial blood circulation with duplex ultrasound Doppler imaging [21] [22] [23] . The study of venous blood flow of head and neck is somewhat hampered due to technical complexity and lack of evaluation criteria [23] [24] [25] , although some work on this issue already appears, in particular, devoted to the features of venous outflow in the patients with multiple sclerosis [26, 27] .
Since the problem evidence of acupuncture effects on the vessels remains relevant and requires further study, we set the goal to investigate the effect of the acupuncture session on vertebrobasilar and carotid blood flow in the patients with different cerebrovascular pathology with duplex ultrasound Doppler imaging.
Material and Methods
To address this goal, we examined 30 volunteers, among whom 24 patients were treated at the Departments of General Neurology, Vascular Neurology and Pain Center in the clinical hospital Feofaniya. Six of the volunteers were "Feofaniya" employees.
The mean age of the group shown in Fig. 1 was 61.0 ± 13.27 years, among them 18 females (mean age-59.2 ± 14.8 years), males-12 (mean age was 63.7 ± 9.9).
Twelve patients had a stroke in anamnesis and were in residual period, 18 patients suffered from vertebrogenic disturbance of blood flow in vertebrobasilar region. A duplex ultrasound Doppler imaging of extracranial brachiocephalic vessels, as well as transcranial duplex scans of vessels, was performed on an ultrasonic premium class "HI VISION Ascendus" (Hitachi, Japan) with linear transducer L73S (9.0-4.0 MHz) and cardiovascular transducer S70 To standardize measurements of PSV of v. vertebralis, some segment of it in the projection between the transverse spines C5-C6 was selected.
The acupuncture influence was carried out with disposable fine stainless steel needles of two types (diameter 0.30 mm, length 40 mm) and (diameter 0.25 mm, length 25 mm). The duration of the session was 20 minutes, after which the blood flow parameters were re-evaluated immediately.
Since the main complaints in all patients were headache and/or stiffness in the neck region, a standardized number of nonspecific acupoints namely GB12, GB20, HT7, PC7, LI4, LI10, ST36, ST40, SP6, LR3 were selected. All patients had all the points punctured bilaterally.
The research protocol was prepared in accordance with international ethical standards (Declaration of Helsinki) and approved on 03 February 2017 by local Ethical Committee.
Statistical data were processed according to Student's criterion for dependent and independent samples and one-factor dispersion analysis using the statistical package "Microsoft Office Excel 2007" and "Statistics for Windows 6.0".
Results and Discussion
The analysis of the acupuncture effects was evaluated as follows: 1-influence on the venous system, 2-influence on the vertebro-basilar arteries, 3-influence on the carotid arteries.
Influence on the Venous System
Analysis of venous outflow indices with Student's test showed a reliable change in linear velocities in v.vertebralis and v.Rosenthal after the acupuncture session in Table 1 .
So, as we can see, there were reliable (p < 0.05) post acupuncture changes in blood flow of v.vertebralis and v.Rosenthal. Their velocities presented in Figs. 2 and 3.
Since the average values norm of v.vertebralis PSV is 24 ± 12 cm/s [24] , the patients before acupuncture had both pathologically accelerated and slowed velocities. Attention was paid to the fact that acupuncture revealed a modulating effect on venous blood flow. For example, at a maximum PSV of 106 cm/s before, we received 96 cm/s after the acupuncture, and vice versa-minimum PSV of 7.5 cm/s we received 30 cm/s after the session.
We also analyzed in Fig. 4 the dependence of the difference between the linear velocity of v.vertebralis before and after the procedure (delta) and age dependence. The variability of delta increases with the age; even visually, the corridor of possible values expand after 55 years. 
Influence on the Vertebro-Basilar Arteries
The following parameters of the arterial blood flow in Table 2 were responded to the acupuncture session: PI of a.vertebralis, PSV of a.vertebralis in extra (V2) and intracranial (V4) segments.
Thus, statistically reliable (p < 0.05) data on PI of a.vertebralis and PSV of a.vertebralis in extra and intracranial segments changed after 20-minute acupuncture session. Fig. 5 shows the intracranial part of a.vertebralis (V4).
Influence on Carotid Arteries
According to Table 3 only RI of a.carotis interna revealed a reliable (p < 0.05) change, indicating the decreasing in peripheral resistance and improvement of blood flow in a.carotis interna.
One-factor dispersion analysis in Table 4 showed a tendency (p < 0.1) to decrease RI in a.cerebri media (ACM) after one acupuncture session. It is likely that longer follow-up and subsequent acupuncture sessions will result in more optimistic outcomes.
For the further study we divided our groups into two subgroups: 1-patients who had a stroke in anamnesis-so called "poststroke" group and 2-patients who had no stroke in anamnesis, so-called a "nonstroke" one. Table 5 shows reliable indicators of the blood flow decrease of v.Rosenthal (р < 0.05) in the "poststroke" group. "Nonstroke" group presented in Table 6 showed only a tendency to decrease the linear velocity in v. Rosenthal (p > 0.1), which grows to the reliable (p < 0.05) with the growing number of patients demonstrated in Table 1 .
One-factor dispersion analysis of blood flow in v.vertebralis and v.Rosenthal reveals the following in Table 7 . The linear velocities of v.vertebralis and v. Rosenthal in the different groups did not differ before the acupuncture (p > 0.05). However, the response on The mean velocity delta of v.vertebralis before and after the procedure in the group of "poststroke" patients was 34.57 -29.85 = 4.74 cm/s ( Table 5 ). The mean velocity delta of v.vertebralis before and after the procedure in "nonstroke" group was 42.08 -39.31 = 2.77 см/с (Table 6 ). So, "poststroke" group reacts to the procedure 1.7 times more actively than "nonstroke" group.
A comparative analysis of the difference in the response of arterial vessels to acupuncture influence in the group of "nonstroke" patients showed in Tables 8  and 9 a tendency to the change (p = 0.067) of the volume flow rate of a.vertebralis compared to "poststroke" group.
Conclusion
Thus, as a result of the study, the following conclusions should be made:
For the first time the evaluation of venous blood flow by duplex ultrasound Doppler imaging after acupuncture reliably (p < 0.05) revealed the changes in linear blood velocity of v.vertebralis and v.Rosenthal in the studied patients.
The evaluation of the variability of delta values of v.vertebralis revealed the age dependency and expansion of the corridor of possible values after 55 years.
The evaluation of the arterial blood flow of vertebrobasilar vessels using duplex ultrasound Doppler imaging after acupuncture showed reliable (p < 0.05) changes in the pulsatility index (PI) and peak A comparative analysis of two subgroups of patients: "poststroke" and "nonstroke" revealed differences in the response to the acupuncture. Reliable (p < 0.05) values of blood flow were found only in v.Rosenthal of "poststroke" patients. "Nonstroke" patients demonstrated only the tendency to the change of this parameter, as well as the tendency to the change of the volume velocity of blood flow of a.vertebralis. In general, the "poststroke" group responded to the procedure 1.7 times more actively than "nonstroke" one.
So, based on the results obtained after one general acupuncture session, it would be advisable to consider wider the impact of acupuncture on the arteries and veins of the head and neck. This promising direction of development of complementary methods will improve the results of treatment and rehabilitation of the patients with vascular pathology of the brain.
